A. Effectiveness of 23-valent pneumococcal polysaccharide vaccine in adults aged 60 years and over in the Region of Madrid, Spain, 2008 . Euro Surveill. 201419(40) Invasive pneumococcal disease (IPD) is a notifiable disease in the Region of Madrid. The 23-valent pneumococcal polysaccharide vaccine (PPV23) is recommended for children and adults aged two years or over with a high risk of disease, and for all adults aged 60 and over. We describe the evolution of IPD incidence from 2008 to 2011 in people aged 60 years and over and PPV23 vaccine effectiveness (VE). VE is estimated using both the screening method and indirect cohort method. The incidence of IPD varied from 20.0 in 2008 to 15.2 per 100,000 inhabitants in 2011 (RR: 0.8; 95% CI: 0.6-0.9). Adjusted VE estimated with the screening method was 68.2% (95% CI: 56.2-76.9). VE with the Broome method was 44.5% (95% CI: 23.8-59.6) for all PPV23 serotypes, and 64.4% (95% CI: 45.2-76.8) for PPV23 serotypes not included in conjugate vaccines. VE was lower in patients aged 80 years and older (25.5%; 95% CI:-23.2 to 55.0) and those with highrisk medical conditions (31.7%; 95% CI: -2.2 to -54.4). Adjusted VE was 44.5% (95% CI: 19.4-61.8) within 5 years of vaccination and 32.5% (95% CI: -5.6 to 56.9) after 5 years. These results are compatible with current recommendations for PPV23.
Introduction
Pneumococcal disease has high morbidity and mortality rates worldwide, mainly in children and in the elderly. The fatality rates for pneumococcal bacteraemia can reach 15-20% in adults and 30-40% in the elderly [1] . The incidence of invasive pneumococcal disease (IPD) is highly variable according to geographical region, ranging from 8 to 34 cases per 100,000 inhabitants [2] .
The human nasopharynx is the natural ecosystem for Streptococcus pneumoniae. Young children are the main reservoir. The prevalence of carriers ranges from 27% in developed countries to 85% in developing ones [1] . Many conditions and behaviours that alter the host's immunological capacity pave the way for a predisposition to the disease, including alcoholism, cigarette smoking, chronic lung disease, congestive heart failure, diabetes mellitus, malignant neoplasm, renal disease, liver disease, immunosuppression and recent hospitalisation [3] .
Since the early 1980s, a 23-valent pneumococcal polysaccharide vaccine (PPV23) has been available and recommended in many industrialised countries for high-risk groups, including adults aged 65 years and over [1, 2] . However, the efficacy of this vaccine remains controversial. The results of meta-analyses and clinical studies agree that there is a protective effect against IPD and pneumonia in healthy adults. However, its efficacy has not been proven in patients with risk factors for IPD [4, 5] . Since 2005, the vaccine has been recommended in the Region of Madrid and paid for with public funds for adults and children over the age of two years who are at high risk of disease, and for all adults aged 60 years and over.
Since 2000, conjugate pneumococcal vaccines have been available for use in young children. Following their routine use, herd immunity, an indirect effect of protection against the disease, has been observed in unvaccinated individuals [6] [7] [8] . In November 2006, the 7-valent pneumococcal conjugate vaccine (PCV7) was included in the childhood vaccination schedule of the Region of Madrid, using public funding. This vaccine was replaced by the 13-valent pneumococcal conjugate vaccine (PCV13) in June 2010. The mean vaccination coverage of the pneumococcal conjugate vaccines for children at two years of age from 2008 to 2011 was 94.4%. In July 2012, public funding of this vaccine was stopped due to budgetary reasons, except for people at high risk of disease.
IPD has been a notifiable disease in the Region of Madrid since February 2007. Data are collected through a population-based epidemiological surveillance system. This study describes the evolution of the incidence and the epidemiological characteristics of the IPD cases in people aged 60 years and over living in the Region of Madrid, and the effectiveness of PPV23 vaccine during from 2008 to 2011.
Methods

Study population
The analysis focuses on cases of IPD registered in the Surveillance System of the Region of Madrid (based on mandatory laboratory and clinical reporting), in adults aged 60 years and over, living in the Region and whose symptoms appeared between 2008 and 2011.
Individualised data were collected with a standardised questionnaire that included sociodemographic features, clinical data (date of symptom onset, clinical presentation, evolution and high-risk medical conditions), laboratory data and vaccination status. Based on the national recommendations [9] , high-risk medical conditions were considered, including: immunodeficiency, cranial trauma, cranial surgery, cerebrospinal fluid leak, splenectomy, chronic liver disease, chronic heart disease, chronic kidney disease, chronic respiratory disease, cancer, HIV, diabetes mellitus and alcoholism. Only one clinical presentation and one high-risk medical condition were considered for each patient. The clinical data were obtained from attending physicians and clinical records. Vaccination status was collected by consulting the Region of Madrid's vaccination register.
Laboratory methods
An IPD case was defined as an infection with haematogenous spread of the pathogen, causing different clinical syndromes, where S. pneumoniae was identified in samples from places normally sterile by isolation, PCR or antigen detection. Serotype identification was centralised in the Madrid Regional Public Health Laboratory, and was performed by the latex agglutination test (Pneumotest-Latex, Statens Serum Institut, Copenhagen, Denmark) and the Quellung reaction.
Statistical methods
Individuals were considered to be vaccinated if date of vaccination with PPV23 was at least 15 days before the onset of symptoms. Differences between vaccinated and unvaccinated patients were estimated. Variables associated with the disease were analysed by vaccine serotypes. Chi-squared test or Fisher's exact test were used to compare proportions.
Overall annual incidence rates were calculated per 100,000 inhabitants, as well as specific incidence rates by sex, age group, clinical presentation, and vaccine serotype. Age was coded into three age groups: 60-69, 70-79 and 80 years or older. The incidence was estimated for PCV7 serotypes (4 20 , 22F, 23F and 33F). The rates were compared using relative risk (RR) and its confidence interval (CI) at 95%. The continuous census of inhabitants of the Community of Madrid was used as the reference population [10] .
Vaccine effectiveness (VE) was calculated using two methods: the screening method and the indirect cohort (Broome) method. VE is interpreted as the proportion of cases prevented in vaccinated people by the effect of vaccination. Based on VE, we estimated the number of cases prevented in the study period. The screening method [11] is based on the comparison of the proportion of vaccinated cases with the proportion of the vaccinated population. The approach described by Farrington [12] was used. This allows adjustment of VE by possible confounders (sex, age group) using logistic regression models. The model requires the vaccination coverage of each of the subgroups of analysis. Data on vaccination coverage were obtained from the Region of Madrid's vaccination register.
On the other hand, the Broome method [13] is based on comparison of the vaccination odds of IPD cases due to vaccine serotypes with the vaccination odds of IPD cases due to non-vaccine serotypes, the latter serving as the control group. The VE was calculated as (1 -odds ratio) x 100. VE was estimated for the group of all serotypes included in PPV23, and then for the group of serotypes that are found in PPV23, but are not found in the conjugate vaccines (that is, conjugate vaccine serotypes were excluded from the analysis). Serotypespecific VE was assessed for serotypes included in PPV23 that had been identified in at least 30 cases. In this analysis the other PPV23 serotypes were excluded. To estimate VE by time elapsed since vaccination, vaccination status was classified as unvaccinated, vaccinated within the previous 5 years, and vaccinated more than 5 years ago. Adjustment for potential confounders (sex, age, high-risk medical condition and year of symptom onset) was made by logistic regression. Statistical significance was set at p<0.05. The analyses were performed using PASW Statistics, version 18.0.2 (SPSS Inc., Chicago, IL).
Results
Between 2008 and 2011, 2,432 cases of IPD were registered in the Region of Madrid, of which 864 (35.5%) were in adults aged 60 years and over. The characteristics of IPD cases in people aged 60 years and over are shown in table 1. A slight predominance of men was seen (480 cases, 55.6%). Pneumonia and/ or empyema was the main clinical presentation (537 cases, 62.2%). A total of 368 cases (42.6%) had received PPV23 and 519 (60.1%) had high-risk medical conditions associated with pneumococcal disease. 46.8% of cases with high-risk medical conditions had been vaccinated. Immunodeficiency and/or cancer was the main high-risk medical condition (161 cases, 18.6%), followed by chronic respiratory disease (151 cases, 17.5%). Serotyping was available in 799 cases (92.5%). The main serotypes identified were the following: 3 (119 cases, 14.9%), 19A (101 cases, 12.6%), 7F (59 cases, 7.4%), 1 (42 cases, 5.3%) and 8 (40 cases, 5.0%). In 588 cases (73.6%) a serotype included in PPV23 was identified, in 89 (11.1%) a serotype included in PCV7 and in 431 (53.9%) a serotype included in PCV13. The characteristics of cases by vaccination status are shown in Table 1 . Vaccinated patients were older, had a higher proportion of men, presented more high-risk medical conditions and had a higher proportion of cases serotyped.
The proportion of PPV23 serotypes was 67.2% in vaccinated cases and 78.5% in unvaccinated cases(p<0.01).
The proportion of serotypes included in PPV23 but not in conjugate vaccines was 14.7% in vaccinated and 25.5% in unvaccinated (p<0.01). The proportion of PCV7 and PCV13 serotypes was similar in vaccinated and unvaccinated patients. The serotypes with the highest difference in the proportion of vaccinated to unvaccinated cases were 6C, 16F, 19A, 14 and 24F (Figure) .
When we compared the disease caused by PPV23 serotypes with the disease caused by the other serotypes, the only variables that showed significant differences were vaccination status and year of symptom onset. Age, sex and presence of high-risk medical conditions showed no significant differences.
In the study period, a significant increase in the pro The average annual incidence of IPD in patients aged 60 years and over from 2008 to 2011 period was 17.2 cases per 100,000 inhabitants, and incidence rose to 19.4 in patients aged 65 years and over. During this period, incidence was observed to fall by 24% (Table 2) . Clinical presentations showing a significant decrease in the incidence were bacteraemia (42% reduction) and pneumonia/empyema (31% reduction). The decrease was more pronounced in cases caused by vaccine serotypes, being 68% for cases by PCV7 serotypes, 34% for cases by PCV13 serotypes, and 30% for cases by PPV23 serotypes ( Table 2 ).
The overall PPV23 uptake for people aged 60 years and over in the study period was 52. had elapsed and 32.5% (95% CI: -5.6 to 56.9) when more than 5 years had elapsed ( 
Discussion
The incidence of IPD observed in our study was lower than that estimated in other countries [14] [15] [16] , although it was above the European average [17] . The variability observed could be partially due to differences in the surveillance systems [18] . This incidence was also lower than that observed in other Spanish regions where pneumococcal vaccination is not included in the childhood immunisation schedule [19] [20] [21] [22] .
Some factors such as PCV uptake, blood culture practice, fluctuations of serotype prevalence over time and antimicrobial use may play a role in the epidemiological changes observed in IPD among adults. No important changes in these factors could be detected in the four years included in the study. The main change observed was the introduction of PCV13 in children in June 2010, which may explain the decrease of PCV13, non-PCV7 serotypes after 2010.
PPV23 vaccination shows an effect on incidence of the disease, since there is a reduction in the incidence of cases due to the serotypes included in PPV23, in accordance with the increase in PPV23 uptake. The highest reduction in incidence was for serotypes included in PCV7. This agrees with a herd immunity effect due to this vaccine [6] [7] [8] and suggests a higher impact due to the indirect effect of vaccination in children rather than by the direct effect of vaccination in people aged 60 years and older.
The VE obtained by the Broome method (44.5%) was similar to that estimated in England and Wales (48%) [23] . Adjusted VE by screening method (68.2%) was also comparable to VE seen in Australia (71%) [24] , Scotland (61.7%) [25] and Catalonia (70%) [26] . VE in preventing vaccine-type IPD obtained by the screening method was greater than overall VE, with an adjusted VE of 72.8%. This agrees with the VE observed in other studies [26, 27] .
The differences observed in VE by age, high-risk medical condition, serotype and time since vaccination in our study are similar to those described previously [23, 26, 27 ], but were not significant because the point estimate had very wide confidence intervals. Observational studies of VE against IPD usually present lower power to stratify for these variables.
Differences in the VE estimated have been found according to the method applied [24, 25] . In our study the adjusted VE by the screening method was higher than the estimations using the Broome method. These results were similar to estimates in Scotland (61.7% vs 51%) [25] and this could be due to the fact that the Broome method also uses IPD cases as a control group.
The VE observed for the disease caused by the serotypes included in PPV23 but not in the conjugate vaccines is higher than that observed for all serotypes of PPV23. This result could be due to the high prevalence in the population of serotypes common to PCV13 and PPV23 vaccines, associated with the serotype a Adjusted by sex, age, HRMC and years of symptoms onset replacement described after the routine use of PCV7 [8, 28, 29] , and with the differential effectiveness by serotype, identified in other studies [23] . This would suggest that PPV23 vaccine has a reduced effectiveness in populations using the conjugate vaccine in the childhood immunisation schedule.
The higher VE observed for serotypes 8, 11A, 22F and 7F could be related to differences in vaccine response of the specific serotypes. A higher VE for serotype 7F and lower for serotypes 1 and 3 have also been observed in the study performed in England and Wales [23] .
Each method has both advantages and disadvantages. The screening method is quick and simple, but it requires accurate data on vaccination coverage and vaccination status of cases [30] . In our study these data were taken from the Region of Madrid's vaccine register, which collects nominal data. The screening method allows the overall effectiveness to be estimated and is very useful for routine monitoring. However it does not allow certain risk factors to be taken into account due to the non-availability of vaccination coverage in specific groups of population [12] .
The Broome method can be used on specific groups of patients, such as those who show risk factors. However, it does not allow the effectiveness for the global disease to be estimated, since the cases due to non-vaccine serotypes are used as the control group. Due to the high proportion of cases with identified serotypes (92.5%), there is no need to make any assumptions in cases with unknown serotype, avoiding any possible bias related to them. The high proportion of cases with identified serotype and the independence between data on serotype and vaccination status would exclude an important bias in the estimation of VE. This method has shown its usefulness when applied to surveillance data for this disease, showing results similar to those obtained using case-control studies [23, 31, 32] .
The higher proportion of disease due to serotype 6C in vaccinated patients observed in our study could be due to the replacement of serotypes. There has been an increase in disease due to this serotype following the routine use of PCV7 both in carriers [33] and in cases with invasive disease [34] .
One of the strengths of our study is that although it is observational and based on surveillance data, it is limited to four recent years, thus important changes in the notification, diagnosis and serotyping of cases can be ruled out.
Vaccine efficacy of PPV23 against IPD has been established in clinical trials, but in high-risk patients it has not been possible to demonstrate protection [4, 5] . Observational studies have shown significant vaccine effectiveness [23] [24] [25] [26] . PPV23 is recommended in many countries for people with high-risk medical conditions and in some countries for universal vaccination of the elderly. In England and Wales, Andrews et al. observed evidence of individual protection against PPV23 serotypes despite lack of impact on IPD incidence at the population level [23] and the UK's Joint Committee on Vaccination and Immunisation recommended continuation of PPV23 vaccination programmes for all healthy individuals aged 65 years and over [35] . Several studies of cost-effectiveness of pneumococcal vaccination in the elderly have been published [36] [37] [38] and some of them have concluded that universal programmes are more cost-effective than selective vaccination of highrisk groups [36, 38] .
The use of PCV13 has recently been approved for people aged 50 years and over. However, its effectiveness in preventing pneumonia and IPD has not yet been proven in clinical trials [39] . Thus, at present different institutions consider that the evidence available is insufficient to recommend the routine use of PCV13 in adults [1, 40, 41] . This vaccine has been recently recommended for use in adults with high-risk medical conditions [40] .
In conclusion, our study shows that PPV23 is effective in preventing IPD in patients aged 60 years and older, with a higher VE in patients without high-risk medical conditions. These results are compatible with the current recommendation of PPV23. Efforts to improve PPV23 uptake should continue. Epidemiological surveillance should be continued in order to evaluate the impact on IPD incidence in adults and elderly of the indirect effects of vaccinating children with pneumococcal conjugate vaccines and the role of PCV13 in adults with high-risk medical conditions. 
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